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Virtual Issue in Atmospheric Chemistry Research 
 
The Journal of Physical Chemistry A and ACS Earth and Space Chemistry both publish high quality articles 
at the forefront of research exploring the chemistry of the Earth’s atmosphere.  This Virtual Issue brings 
together examples of articles published in the two journals over the past 3 years to illustrate the 
breadth of topics in atmospheric chemistry that are of interest to their readership. The collection of 
papers it comprises may also serve as a helpful supplement to graduate or upper-level undergraduate 
class in atmospheric chemistry.  
Progress with understanding the complex chemistry of the Earth’s atmosphere requires synergy 
between different approaches.  Field measurements at a range of locations determine the atmospheric 
composition of trace gases and particles, and they test the validity of computer model simulations 
designed to explore how chemical and physical processes affect this composition.  In turn, the 
architecture of these models derives from laboratory and computational chemistry studies of chemical 
and physical mechanisms.  The models draw their input parameters from laboratory determinations of 
thermodynamic, spectroscopic and reaction kinetic parameters for the constituent molecular species, as 
well as assessments of emissions from natural and anthropogenic sources.  The research published in 
the Journal of Physical Chemistry A and ACS Earth and Space Chemistry contributes significantly to all 
these facets of atmospheric chemistry. It addresses the growing recognition, both within and beyond 
the scientific community, of the consequences of human activity for air quality and climate, with an 
emphasis on developing a molecular-level understanding of the various processes of interest.  
Much of the chemistry of the lowest region of the atmosphere, the troposphere, is driven by sunlight 
and involves complex multi-step oxidation pathways of volatile organic compounds (VOCs).  These VOCs 
are emitted from a variety of sources ranging from natural vegetation to human activities. Some of the 
VOC oxidation pathways produce oxygenated intermediates of lower volatility which can condense to 
form secondary organic aerosol (SOA) particles.  Quantification of the impact of VOC emissions on the 
atmosphere must therefore integrate knowledge of the inter-connected photochemistry and chemical 
reactivity occurring in both gas- and condensed-phase environments.  In addition to SOA, these latter 
environments include mineral particles, aqueous droplets, snowpack, and the surface waters of the 
oceans.  The articles selected for this VI consider chemistry under a range of such conditions.  Many 
focus on what happens at the interfaces between air and various aqueous environments.  They examine 
topical scientific questions concerning the nucleation, growth, and photochemical processing of 
atmospheric particles.  The research methods applied include a range of advanced spectroscopic and 
mass spectrometric techniques, as well as theoretical predictions of reaction pathways and rate 
coefficients based on quantum chemical calculations.   
The complex oxidation processes of VOCs and their implications for SOA particle growth are considered 
in several articles highlighted in this Virtual Issue. The hydroxyl radical (OH) is known to initiate many of 
the daytime oxidation pathways for VOCs, but unravelling the complexity of these radical-mediated 
mechanisms for compounds such as biogenically emitted terpenes requires detailed laboratory 
investigations.1  Ozone photolysis is the most significant source of tropospheric OH radicals, but 
elevated concentrations of HONO above snowpack, traced to the solar photochemistry of nitrate and 




oxidants take center stage; for example, the nitrate radical (NO3) reacts with VOCs from both natural 
and industrial sources.3   Both in the daytime and at night, ozone-initiated oxidation of unsaturated 
VOCs produces zwitterionic carbonyl oxide compounds commonly called Criegee intermediates which 
have attracted considerable recent attention. The unusual reactivity of these Criegee intermediates has 
been the subject of numerous laboratory studies, with a growing focus on the formation of lower 
volatility adducts which might contribute to SOA production in forested regions where biogenic 
emissions of terpenes are high.4, 5  Autooxidation reactions of VOCs are also now recognized to lead to 
highly oxidized multifunctional compounds which condense into SOA, but nitrogen oxides have been 
shown to suppress this oxidation chemistry.6  
Modern theoretical methods can accurately compute the rates and mechanisms of gas-phase reactions 
contributing to VOC oxidation pathways using a combination of quantum-chemical electronic structure 
calculations and reaction rate theories.7-9  Thus, in combination with experimental investigations, these 
theoretical approaches are helping to unravel the atmospheric fates of VOCs.  Further applications 
include prediction of the environmental impacts of proposed replacements for industrial gases with 
large ozone depletion and global warming potentials.10 These quantum-chemistry techniques are also 
now being used to explore the mechanisms by which new particles form in the atmosphere by 
simulating the intermolecular interactions and reactions taking place in small molecular clusters.11-13    
The complexity of the chemical and physical processes that occur in atmospheric aerosol is clearly 
illustrated by several of the articles selected for the Virtual Issue.  Reactions of OH radicals, or of Criegee 
intermediates with surface-active organic compounds at the air-water interfaces of aqueous droplets 
are routes to greater molecular complexity in organic aerosols,14, 15 as is direct solar photochemistry of 
organic compounds dissolved in these droplets.16-18  Other trace atmospheric components including 
N2O5 will also oxidize solutes in aqueous droplets, but the resulting release of reactive gases such as 
ClNO2 was recently shown to be inhibited by co-solutes such as sulfate and carboxylates.19 The 
partitioning of gaseous organic compounds to the surfaces of aerosol particles affects their cross-
sections for scattering and absorption of solar radiation,20 with consequences for the direct effect of 
these aerosol particles on radiative forcing of the atmosphere. Mineral inclusions in aerosol droplets can 
catalyse the photochemical conversion of certain organic solutes to compounds such as organosulfates 
which contribute to the complexity of SOA composition.21  Dissolved organic matter and surface-active 
organic compounds also modify the hygroscopicity and surface tension of the particles, and hence their 
propensity to act as cloud condensation nuclei.22, 23  The coating of aqueous droplet surfaces by 
surfactant organic molecules inhibits dissolution of ambient gases including CO2 with consequences for 
the droplet pH.24  Microbe metabolism can change the organic composition of cloud and aerosol 
droplets, but the density of metabolically active cells in the atmosphere is low.25  Sea spray aerosol is a 
complicated aqueous mixture of biological, organic and organic compounds, and as it dries in air will 
undergo crystallization or liquid-liquid phase separation.26  Phase separation is also induced by freezing 
of aqueous droplets, leading to concentrated solutions around an ice core.27  Interfacial chemistry of 
atmospheric importance is not limited to aerosol droplets: the significance of the photochemistry of 
semi-volatile organic compounds deposited in films on the many surfaces present in urban 
environments is now being recognized.28  For example, these coatings enhance the dry deposition of 
dispersed particulate matter.  
The concentrations and properties of particulate matter (PM) impact air quality and climate and are 




have provided an opportunity in recent years to study both the emission and photochemical processing 
of sub-micron aerosol particles and the mechanisms leading to their changing chemical composition.29  
The devastation caused by Hurricane Maria in 2017 included extensive damage to the electrical grid in 
Puerto Rico. As a consequence, increasing use of backup generators raised levels of air pollution in San 
Juan at the same time that power loss disabled local air pollution monitors, necessitating intervention 
with lower-cost solar-powered sensors.30 Analysis of the organic content of PM in southern China 
showed the presence of compounds deleterious to health from sources including crop burning, 
providing insights for air pollution mitigation in that area.31      
Higher in the atmosphere, the chemistry of the mesosphere is influenced less by emissions from the 
planet’s surface and more by materials originating from space.  For example, ablation of meteorites 
releases reactive metals with complex chemistries that are amenable to resolution by the same 
combined strategies of laboratory measurements and theoretical predictions.32 However, the chemistry 
of the upper atmosphere remains less well-studied than that of the troposphere, in part because of a 
relative paucity of measurements of the chemical composition.  Driven by greater availability of 
observational and in situ measurement data, studies of the chemistry of the atmospheres of other 
planets in the solar system and of exoplanets are also expected to be expanding fields of future activity 
well suited to publication in our two journals.    
The Journal of Physical Chemistry A and ACS Earth and Space Chemistry provide highly respected 
platforms with wide reach for the dissemination of research in all areas of atmospheric chemistry.  The 
editors look forward to supporting the publication of further ground-breaking studies across all areas of 
this topical field of research.           
Views expressed in this editorial are those of the authors and not necessarily the views of the ACS. 
Franz M. Geiger, Senior Editor, the Journal of Physical Chemistry, and Northwestern University  ORCID:  
0000-0001-8569-4045 
V. Faye McNeill, Associate Editor, ACS Earth and Space Chemistry, and Columbia University.  ORCID:  
0000-0003-0379-6916 
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